Objective: Prophylactic medications can be a source of preventable harm, potentially affecting large numbers of patients. Few data exist about how clinicians change prescribing practices in response to new data and revisions to guidelines about preventable harm from a prophylactic medication. We sought to determine the changes in prescribing practice of seizure medications for patients with intracerebral hemorrhage (ICH) across a metropolitan area before and after new outcomes data and revised prescribing guidelines were published.
For many conditions without curative treatment, avoiding unintended harm from medications is one of the few potential avenues to maximize outcomes while new curative therapies are in development. However, if a medication has unintended harmful effects, there could be a significant public health benefit to reducing its use. With the advent of large clinical databases, such as registries, and access to more comprehensive outcomes data, new knowledge about previously unrecognized harmful effects of medications can be generated more easily. Whether and how this new knowledge influences prescribing practices is not clear.
Intracerebral hemorrhage (ICH) is the most deadly form of stroke and has no Food and Drug Administration (FDA)-approved treatment. Seizures are a common occurrence in patients with ICH, affecting up to 16% of patients. 1 When seizures occur, they increase the risk of midline shift and poor outcome, 2 suggesting that the prevention of seizures is a worthwhile goal. While the use of prophylactic seizure medication was supported by guidelines issued in 1999 3 and 2007, 4 subsequent data suggested that early seizures were less common 3 and prophylactic treatment might have unintended consequences. In 2009, a single-center registry study found that phenytoin (a sodium blocker approved by the FDA in 1953), but not levetiracetam (a more recently approved medication for partial seizures), was associated with more fever and worse functional outcomes at 3 months in patients with ICH compared with no prophylactic seizure medication. 5 A subsequent article described a post hoc analysis of an industry-sponsored clinical trial that associated seizure medication in general with worse outcomes. 6 Citing these findings, the American Heart Association guidelines were updated in 2010 to state that "prophylactic seizure medications should not be used" as a new recommendation. 7 The greater Chicago area offers an opportunity to assess the potential effect of new data and revised prescribing guidelines for several reasons: (1) presence of several large health care institutions; (2) independent clinical practices at each institution with established teams in neurology, neurosurgery, and neurocritical care; and (3) diverse patient populations (e.g., race/ethnicity, socioeconomic and health insurance status). While prescribing differences within a practice in a single center are difficult to assess because of small sample sizes and potential lack of generalizability, differences across multiple, independent, major health care institution practices can be determined.
We tested the hypothesis that the use of prophylactic seizure medications has changed over time across multiple major health care institutions in a large US metropolitan area following the publication of new data and revised prescribing guidelines. Further, we tested the hypothesis that there are institutional differences in the use of seizure medications.
METHODS We retrieved data from the Chicago HealthLNK Data Repository (HealthLNK), a health data exchange consisting of merged and de-duplicated patient electronic health records from 7 major health care institutions in the Chicago area. HealthLNK includes demographic and clinical visit data from 5 major academic medical centers (Loyola University Medical Center, Northwestern Medicine, Rush University Medical Center, University of Chicago Medical Center, and University of Illinois Hospital and Health Sciences System), a large county health care system (Cook County Health and Hospital Systems), and a network of outpatient community health centers (Alliance of Chicago). Unique patient IDs are created for patients in HealthLNK from patient demographic data, using a Health Insurance Portability and Accountability Actcompliant Secure Hash Algorithm 512 hashing algorithm, which allows the merging of patient data across sites without sharing protected health information. De-duplication of patient records allows for a more accurate count for patient cohorts. Merging data from multiple sites creates a more complete overall record of patient care and accounts for diagnoses and procedures received at more than one institution.
We identified patients with ICD-9 diagnosis for ICH (431), excluding traumatic brain injury, which might have an intracranial hematoma as a complication rather than the primary diagnosis.
Medical record data from 2007 through 2012 (the most recent data available) for diagnoses and administered medications were available from 4 institutions: Loyola University Medical Center (western suburbs), Rush University Medical Center (west of downtown), University of Chicago Medicine (southern Chicago), and Northwestern Medicine (north of downtown). Demographic data included age, sex, and race/ethnicity; patients cannot be re-identified by end users of the data and presentation of data that could reasonably lead to re-identification of the practices of individual reporting sites is prohibited.
We analyzed use of seizure medications during the calendar month of ICH, since administration in later months would be less likely to be intended for seizure prophylaxis because seizures typically occur within the first few days of ICH onset. The 1999 and 2007 guidelines underscored the use of prophylactic seizure medications within a month of ICH onset.
To determine rates of craniotomy over time, we used the same methodology employed in a previous study using a prospective registry, the Northwestern University Brain Attack Registry (NUBAR). 8 Normally distributed data (e.g., age) were compared between groups with analysis of variance, while categorical data (e.g., use of levetiracetam, institution) were compared using x 2 . We performed logistic regression for the probability of receiving levetiracetam, controlling for institution, year, and their interaction. Statistical analyses were calculated with standard commercial software (NCSS 9; NCSS Inc., Kaysville, UT).
RESULTS
The cohort included 3,422 patients (table) . The sample was ethnically diverse (nearly 40% African American, 10% of Hispanic or Latino origin), and patients were covered by a variety of insurance payers. Patients were unevenly distributed among the 4 institutions. Institution 5 admitted 1,202 (35.1%) patients with ICH; institution 7 admitted 1,014 (29.6%); institution 4 admitted 725 (21.2%); and institution 2 admitted 481 (14.1%).
During the study period, the number of patients admitted with ICH remained stable from year to year, but the percentage of patients treated with seizure medications changed (figure 1). Levetiracetam (n 5 922, 26.9%) and phenytoin (n 5 479, 13.9%) were the most commonly prescribed seizure medications, with few patients receiving valproate (43, 1.2%), carbamazepine (20, 0.5%) or lacosamide (18, 0.5%).The use of phenytoin declined from 9.6% in 2009 to 2.2% in 2012 (p , 0.00001); there was no difference in the rate of phenytoin use between institutions (p 5 0.1).
The use of levetiracetam, in contrast to the use of phenytoin, more than doubled from 15. We considered that an increase in the rates of craniotomy might have prompted an increase in the use of levetiracetam. We examined the rates of craniotomy over time in NUBAR because procedure codes are not available in HealthLNK, and found that rates of craniotomy, in fact, progressively decreased over time, from 23% in 2007 to 4% in 2012. DISCUSSION We found that the use of phenytoin, a traditional prophylactic seizure medication, was attenuated across multiple institutions in a large metropolitan area shortly after the publication of data from a single center associating it with more fever and greater odds of dependence, 5 followed by revised prescribing guidelines. This rapid change in practice suggests that clinicians acknowledged the findings that phenytoin was associated with worse outcomes and largely discontinued its use in patients with ICH at the 4 institutions included in this study. However, use of an alternative seizure medication, which was also not recommended, more than doubled over the same time period, despite revised guidelines stating that prophylactic seizure medications should not be used. 7 At this time, there were no data suggesting any association between the alternative medication, levetiracetam, and worse outcomes, although the sample sizes analyzed were small. 5, 9 Clinicians may respond to new data and revised guidelines in unexpected ways, such as narrowly interpreting the findings, which suggests that revised recommendations should anticipate potential interpretations other than literal adherence.
Clinicians generally respond to new data. For example, the results of the Women's Health Initiative, 10 which revealed the cardiovascular risks of hormone replacement therapy in postmenopausal women, led to widespread abandonment of the practice, although there are no data about whether clinicians have switched to prescribing alternative medications perceived to present lower risks. Analyses of other large datasets confirm that clinicians respond to recommendations, such as Get With The Guidelines for cerebrovascular disease, 11, 12 and have improved compliance with recommended care for patients with stroke including aspirin use and poststroke care. However, seizure medications have not been subjected to randomized controlled trials in patients with ICH, the level of evidence is lower, and there was no widespread outreach to improve guideline adherence. HealthLNK includes robust patient-level medication use data, but does not include mortality or outcomes such as dependence or health-related quality of life. Although it would have been preferable to limit the cohort to patients surviving at least several days 13 or a month, such data would be unlikely to change the overall findings of an increase in levetiracetam and decrease in phenytoin use. Seizure medications have not been independently linked to mortality in patients with ICH, making survival data somewhat less relevant to the results. More detail on the dosing and duration of seizure medication (e.g., a single dose, a few days, or 2 weeks of treatment) would also have been desirable to further specify prescribing practices, although this information would not likely change the main results substantially. We could not examine the use of diagnostic tests to uncover subclinical seizures, although this would be unlikely to explain the change in type of seizure medications during the study period and the overall proportion of patients receiving seizure medications did not change. Indeed, one of the institutions reported a low rate of subclinical seizures in 2009, 5 when levetiracetam use was increasing, suggesting that a fear of subclinical seizures is unlikely to account for the increase in levetiracetam use. Heightened concern for subclinical seizures would also not account for a decrease in the use of phenytoin.
HealthLNK identifies patients by ICD-9 codes, while ICD-10 became required in fall 2015. Future ICD-10 data may have greater specificity in terms of the diagnosis and may provide an opportunity to specify whether the hematoma is cortical (ICD-10 code I61.1) rather than deep (I61.0), a subgroup that might be more likely to be benefit from prophylactic seizure medications.
The Ethnic/Racial Variations of ICH (ERICH) study of 744 patients broadly underscores our findings regarding levetiracetam use.
14 Between October 2010 and 2012, prophylactic seizure medications were used in 289 (39%) patients with ICH, with 89% of these receiving levetiracetam. Levetiracetam was associated with dependence or death in univariate, but not multivariate, analysis. Data prior to 2010 were not presented, limiting the ability to detect any change in prescribing practice. These data show that phenytoin use had already declined by 2010, in line with the ERICH results.
The potential etiology of variation in practice between institutions is not clear from these data. The ERICH study found that seizure medication use was not associated with race or ethnicity, 14 drawing more attention to local practice variation between institutions. Therefore, further research should seek to determine the role of local variation on prescribing practice and outcomes. We found that the rates of craniotomy at one institution decreased, perhaps in response to the lack of benefit in equivocal cases in the Surgical Trial in Intracerebral Haemorrhage trial, 15 so an increase in the rate of craniotomy elsewhere is unlikely to account for an increase in the use of levetiracetam. It is possible that referring institutions, not captured in HealthLNK, increased their use of levetiracetam, thus prompting continued use in the study institutions; however, the HealthLNK institutions all had well-established neurocritical care and neurosurgery teams that review all medications and treatment plans on admission throughout the study period, so it seems unlikely that the change would have been predominantly externally driven.
The data are somewhat limited because we could not specify which patients received prophylactic seizure medications exclusively; however, the study only includes seizure medications prescribed during the calendar month of ICH, which are most likely to be prophylactic and were encouraged by previous guidelines. Late seizures occur in approximately 10% of survivors, often presaged by early seizures, 16 so most seizure medication use would be considered to be prophylactic. The ease of use of levetiracetam including a rounded number for standard use, IV or oral administration, relatively low side effect profile, and absence of laboratory monitoring are likely to have contributed to its wider use.
Medications that inadvertently increase complications might also increase the costs of care. While these data do not contain costs, other administrative databases, such as the Agency for Healthcare Research and Quality's Healthcare Cost and Utilization Project, might be of interest for future research. We found that new data and revised prescribing guidelines on the side effects of phenytoin, a widely prescribed medication in patients with ICH, led to a decrease in its use, sparing patients from the potential adverse effects of treatment. However, a corresponding increase was noted in the prescribing of an alternative medication that was also not recommended, although not independently associated with worse outcomes. Clinicians appear to be hesitant to abandon a longstanding clinical practice, such as the use of prophylactic seizure medication in ICH. These findings suggest that new data and revised guidelines may narrowly alter clinical practice, but that literal adherence may not occur for potentially rational reasons. Future guideline revisions should anticipate that clinicians may seek to prescribe an alternative medication and proactively address this type of response, as well any potential effect of levetiracetam on outcomes in patients with ICH.
AUTHOR CONTRIBUTIONS
Andrew Naidech: drafting/revising the manuscript, study concept or design, analysis or interpretation of data, accepts responsibility for conduct of research and final approval, statistical analysis, obtaining funding. Jennifer Beaumont: drafting/revising the manuscript, analysis or interpretation of data, accepts responsibility for conduct of research and final approval, statistical analysis. Babak Jahromi: drafting/revising the manuscript, analysis or interpretation of data, accepts responsibility for conduct of research and final approval. Shyam Prabhakaran: drafting/revising the manuscript, accepts responsibility for conduct of research and final approval. Abel N. Kho: study concept or design, analysis or interpretation of data, accepts responsibility for conduct of research and final approval, acquisition of data. Jane L. Holl: drafting/revising the manuscript, study concept or design, analysis or interpretation of data, accepts responsibility for conduct of research and final approval, study supervision.
